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(54) A composite polymer electrolyte membrane 

(57) A composite polymer electrolyte membrane 
which includes an ion-conductive polymer gel contained 
and supported by a matrix material formed of a porous 
polytetrafluoroethylene membrane. The porous poly- 
tetrafluoroethylene membrane has an internal structure 
which defines a three-dimensional network of intercon- 



nected passages and pathways throughout the mem- 
brane. The composite polymer electrolyte membrane 
has a tensile break strength of at least 1 0 MPa in at least 
two orthogonal planar directions, ion conductivty of at 
least 1 mS/cm, and is useful as a separator between 
electrodes of a lithium secondary cell. 
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Description 

FIELD OF THE INVENTION 

The invention relates to an electrolyte-containing di- 
aphragm for a secondary electrochemical cell, more 
particularly to a polymer-electrolyte-containing dia- 
phragm for use in an electrochemical cell having an 
electrode of an alkaline metal or alkaline metal alloy 

BACKGROUND OF THE INVENTION 

Recent advances in portable electronic devices 
have been accompanied by increased interest in the 
electrochemical cells that supply power to these devic- 
es. Of particular interest are secondary energy cells, i. 
e., batteries or cells in which electrical energy can be 
repeatedly drained and recharged. Lithium-metal and 
lithium-ion secondary cells have very high electrical en- 
ergy storage capacity or energy density, and are the 
subject of vigorous development efforts. Typically, lithi- 
um secondary cells include a porous dielectric separa- 
tor, or diaphragm, interposed between the electrodes of 
the cell and a liquid electrolyte to provide ionic conduc- 
tivity. For convenience, "lithium secondary cells" or "lith- 
ium cells", will be used herein to include both lithium- 
metal and lithium-ion type batteries and secondary cells. 

Also known are lithium secondary cells in which the 
electrolyte is a solid polymer electrolyte or a polymeric 
gel electrolyte. An example of a solid polymer electrolyte 
is a complex type electrolyte in which a metal salt, such 
as a lithium salt, and a polymer complex, such as a pol- 
yethylene oxide complex, each providing ligands, or 
complexing agents, are combined together. Ion trans- 
port is effected by movement of salt ions between lig- 
ands of the polymer complex, and is limited by the mo- 
bility of the side chains having ligands of the polymer 
complex. Such a solid polymer electrolyte has good me- 
chanical strength, however, at room temperature, side 
chain mobility is quite low and ionic conductivity is lim- 
ited to about 0.1 mS/cm. 

In contrast to the solid polymer electrolyte de- 
scribed above is a polymeric gel electrolyte in which a 
liquid solvent/metal salt system is combined with a pol- 
ymeric component to provide solid-like material proper- 
ties. With this type of electrolyte ionic conductivity as 
high as about 1 mS/cm can be achieved by increasing 
the ion-conductive component, however, there is a con- 
comitant decrease in tensile strength of the material. In 
such materials, when the ionic conductivity is high the 
tensile strength is only about 0.5 MPa, even when the 
polymeric component is crosslinked (see, for example, 
D R. McFarlane, et al., Electrochimica Acta, Vol. 40, p. 
2131 [1995]). Accordingly, such materials require me- 
chanical support in order to be useful as a separator or 
diaphragm in a battery or electrochemical cell. 

Porous membranes of polyolefins, such as polyeth- 
ylene and polypropylene, impregnated with polymer gel 



electrolyte are known for use as separators in lithium 
secondary cells. For example, a lithium secondary bat- 
tery having a separator comprising a microporous pol- 
yethylene membrane impregnated with a polymer gel 
s electrolyte is disclosed in U.S. Patent No. 5,597,659 (to 
Morigaki, et al.). In another example, a solution consist- 
ing of ethylene carbonate, propylene carbonate, tetrae- 
thylene glycol dimethyl ether (tetraglyme), LiAsF6, tetra- 
ethylene glycol diacrylate, and a small amount of a pho- 

10 topolymerization initiator is impregnated into porous pol- 
yethylene and polypropylene membranes and polymer- 
ized to form a solid electrolyte (K. M. Abraham, et al., 
Journal of the Electrochemical Society, Vol. 142, p. 683 
(1 995). Such membrane-supported solid polymer elec- 
ts trolytes and polymer gel electrolytes for separators in 
lithium cells represent a significant improvement in the 
state of the art, however, the gains in strength were 
made at the expense of ion conductivity, which was re- 
duced by more than one order of magnitude compared 

20 to the polymer electrolytes when unsupported. 

Properties which must be considered for selection 
of a support material for a solid polymer electrolyte or 
polymer gel electrolyte for use as a separator between 
electrodes in an electrochemical cell, in particular for a 

25 high energy cell such as a lithium secondary cell, in- 
clude: chemical compatibility with the electrode materi- 
als and electrolytes; strength, sufficient to withstand the 
rigors of manufacturing and use; thickness, thin materi- 
als being desirable to minimize ion transport distance 

30 and maximize transport rate; and porosity, a combina- 
tion of pore size, pore volume, and structure, which 
should be optimized to provide for introduction and re- 
tention of the electrolyte and to maximize ion conductiv- 
ity between the electrodes. However, because many of 

35 these properties interact in opposition to each other, op- 
timization of each property may be mutually excluded 
and compromises must be accepted.. For example, it is 
desirable that a support material have a high pore vol- 
ume and high strength, however, other characteristics 

^o being kept equal, as porosity increases strength de- 
creases, which may lead to a tradeoff between strength 
required and pore volume desired. 

Polyethylene and polypropylene have been used as 
separators, or as separators supporting solid polymer 

^5 electrolytes and polymer gel electrolytes, between elec- 
trodes in lithium secondary cells due to their chemical 
compatibility with the electrode materials and electro- 
lytes used in the cells. However, in such materials, po- 
rous membranes having the combination of strength, 

50 thickness, and porosity characteristics desired for great- 
est effectiveness are unavailable. When suitable thin- 
ness and porosity is obtainable, for example, about 1 
micrometer thick and pore volume greater than 70 per- 
cent, the pore size available is so small as to make it 

55 difficult to impregnate the membrane with the electro- 
lyte; and furthermore, the tensile strength may be quite 
low generally, or may be anisotropic, having a higher 
tensile strength in one planar direction than the tensile 
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^ strength in the orthogonal planar direction which is rel- 

atively much lower. Low general tensile strength, or an- 
isotropic tensile strength, can lead to handling and man- 
ufacturing difficulties, or may lower puncture and tear 
resistance of the porous membrane. 

It is seen, then, that the effectiveness of membrane- 
supported solid polymer electrolytes and polymer gel 
electrolytes in lithium secondary cells can be highly in- 
fluenced by the nature of the membrane support. It is 
the purpose of this invention to provide a membrane- 
supported polymer electrolyte separator for an electro- 
chemical secondary cell which combines high strength, 
at least 10 MPa in at least two orthogonal directions, 
and high ion conductivity of at least 1 mS/cm, which 
heretofore has been unavailable. 

SUMMARY OF THE INVENTION 

Broadly described, the invention is a composite pol- 
ymer electrolyte membrane comprising an ion-conduc- 
tive polymer gel contained and supported by a matrix 
material formed of a porous polytetrafluoroethylene 
membrane having a tensile break strength of at least 10 
MPa in at least two orthogonal planar directions. The 
porous polytetrafluoroethylene membrane has an inter- 
nal structure which defines a three-dimensional network 
of interconnected passages and pathways which extend 
vertically, from surface to surface, and laterally, from 
edge to edge, throughout the membrane. 

At least one planar surface of the porous poly- 
tetrafluoroethylene membrane is coated with an ion- 
conductive polymer gel, an amount of which is impreg- 
nated into the membrane in a quantity at least sufficient 
to provide a continuous ion-conductive path from one 
surface to the other. The ion conductive gel comprises 
an organic polymer component and an ion -conductive 
component. 

DETAILED DESCRIPTION OF THE INVENTION 

Polytetrafluoroethylene is noted for its remarkable 
chemical resistance to mineral acids, bases and com- 
mon organic solvents, however, its use in lithium sec- 
ondary cells is militated against due to its known ten- 
dency to be chemically attacked by alkali metals, fluo- 
rine, and strong fluorinating agents at elevated temper- 
ature and pressure. However, the inventors have dis- 
covered that biaxial ly stretched porous membranes of 
polytetrafluoroethylene can be used as support mem- 
branes for separator diaphragms in lithium cells; where- 
by their excellent combination of physical properties 
which include high biaxial or multiaxial strength, favora- 
ble porosity characteristics, and availability in thin cross- 
sections, can be used to great advantage as a porous 
matrix material for containing and retaining a solid pol- 
ymer electrolyte or polymer gel electrolyte in a compos- 
ite polymer electrolyte membrane. Such porous poly- 
tetrafluoroethylene membranes can be manufactured 
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by methods known in the art, and are available commer- 
cially. Preferably the porous polytetrafluoroethylene film 
is porous expanded polytetrafluoroethylene film having 
a structure of interconnected nodes and fibrils, as de- 
s scribed in U.S. Patent Nos. 3,953,566 and 4,187,390 
which describe the preferred material and processes for 
making them. The nodes and fibrils define an internal 
structure having a three-dimensional network of inter- 
connected passages and pathways which extend verti- 
go cally, from surface to surface, and laterally, from edge 
to edge, throughout the membrane. 

The thickness of the porous expanded poly- 
tetrafluoroethylene membrane should be in the range 
1 0 to 400 micrometers. If thicker than about 400 microm- 
15 eters it becomes difficult to impregnate the porous mem- 
brane with sufficient polymer electrolyte to provide con- 
tinuous ion conductive paths through the membrane to 
ensure ion conductivity of 1 mS/cm and, furthermore, 
occupies too much space within the cell. Preferably, the 
20 membrane should be in the range 1 0 to 40 micrometers 
thick. 

From the standpoint of ion conductivity, the pore 
volume of the porous expanded polytetrafluoroethylene 
membrane should be at least 40 percent, but from the 
25 standpoint of strength it should be no more than 95 per- 
cent. 

Preferably, the pore volume is in the range about 50 
to 92 percent, more preferably in the range about 75 to 
92 percent. The maximum pore size of the porous mem- 

30 brane should be in the range 0.05 to 10 micrometers, 
preferably in the range 0.2 to 2 micrometers. If the max- 
imum pore size is less than 0.05 micrometers it is difficult 
to impregnate a solution containing electrolyte materials 
or electrolyte material precursors into the membrane. If 

35 the maximum pore size is greater than 10 micrometers 
it becomes difficult for the membrane to retain the elec- 
trolyte materials or electrolyte material precursors. Also, 
lower mechanical strength is another drawback to a 
pore size that is too large. 

40 Composite polymer electrolyte membranes com- 
prising a matrix material of such biaxially stretched po- 
rous expanded polytetrafluoroethylene membranes de- 
scribed above should have a tensile break strength of 
at least 10 MPa in at least two orthogonal directions. 

45 Additionally, the structure of interconnected passages 
defined by the nodes and fibrils can be readily impreg- 
nated with the ion-conductive polymer gel and provides 
excellent retention characteristics through assembly 
and use. 

50 The ion-conductive polymer gel comprises an or- 
ganic polymer component and an ion-conductive com- 
ponent. 

There are no particular limitations on the ion-con- 
ductive component, which will vary according to the in- 
55 tended application. For instance, in a lithium secondary 
cell a metal salt such as LiCI0 4 , LiBF 4 , LiPF 6 , LiSCN, 
Li(CF 3 S0 3 ), LiAsf 6 , or other lithium salt can be used, 
alone or as a mixture. The lithium salts can be dissolved 
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and applied to the porous matrix material of expanded 
polytetrafluoroethylene in solution form. Suitable sol- 
vents include, but are not limited to, ethylene carbonate, 
polypropylene carbonate, y-butyrolactone, y-valerolac- 
tone, y-octanoic lactone, dimethyl carbonate, dimethyl 
sulfoxide, acetonitrile, sulfolane, dimethylformamide, 
dimethylacetamide, 1 ,2-diethoxyethane, 1 ,2-dimethox- 
yethane, 1 ,2-ethoxymethoxyethane, 1,2-dibutox- 
yethane, diethyl carbonate, methyl ethyl carbonate, tet- 
rahydrofuran, 2-methyl tetrahydrof uran, dioxolane, me- 
thyl acetate, and other aprotic solvents or solvent mix- 
tures. The concentration of the ion-conductive compo- 
nent should be 0.01 to 5 mol per kg of solution. 

The organic polymer component of the ion-conduc- 
tive polymer gel is preferably one that contains polar 
units which have an affinity for, and can coordinate with, 
the highly polar units of the ion-conductive component. 
Examples are polymers derived from monomers having 
a structural formula H 2 C=CHCOOR and H 2 C-CHOC- 
OR, wherein R is a hydrogen or an alkyl group having 
1 -6 carbons, such as ethyl acrylate, methyl acrylate, vi- 
nyl acetate, and the like; or polymers derived from mon- 
omers such as alkylene oxides, acrylonitrile, methacry- 
lonitrile, vinylidene fluoride, vinyl chloride, methacrylic 
acid (and metal salts), acrylic acid (and metal salts), vi- 
nyl alcohol, vinylidene chloride, ethyleneimide, vinyl ac- 
etate, vinyl pyrrolidone, and cellulose. Especially favo- 
rable is a monomer having a structural formula shown 
above which contains ester groups that have an affinity 
for and are shared with low molecular weight ester com- 
pounds in the organic solvents of the solution containing 
the ion-conductive component. Also, in order to form a 
polymeric gel with the ion -conductive component, the 
organic polymer component should have a crosslinked 
structure of covalent bonds or ionic bonds. A preferred 
organic polymer is a copolymer of acrylonitrile and buta- 
diene (NBR) because a crosslinked structure can be 
easily formed by heating or other treatment. It is also 
possible to adjust the polarity of the NBR by varying the 
amount of acrylonitrile, which is the high polarity unit of 
the polymer, to enhance the affinity and coordination 
with polar units in the ion -conductive component. This 
so-called "physical crosslinking", in which organic 
groups with good affinity cohere together and crystallize 
in the polymer chain, is also a suitable crosslinked struc- 
ture. 

The ion-conductive component and organic poly- 
mer component are combined to form an ion -conductive 
polymer gel. In order for the conductivity of the polymer 
gel to be at least 1 mS/cm, the concentration of the so- 
lution containing the ion -conductive component should 
be not lower than 50 weight percent of the gel, preferably 
at least 60 wt. percent. 

Conventional methods can be used to introduce the 
polymer gel electrolyte into the porous polytetrafluor- 
oethylene membrane. For instance, the polymer gel 
electrolyte can be formed by first impregnating the or- 
ganic polymer component into the porous membrane, 



and then immersing the impregnated membrane in a so- 
lution containing the ion-conductive component. In this 
method the first step is to prepare a solution or disper- 
sion in which the polymer component or polymer pre- 

5 cursor (such as a reactive oligomer) is dissolved or dis- 
persed. The porous polytetrafluoroethylene membrane 
is then impregnated, preferably while under vacuum to 
remove air from the pores, with the polymer-containing 
solution, for example, by immersion. The solvent or dis- 

io persing medium is then removed from the impregnated 
film, for example, by heating or vacuum treatment, to 
dry the membrane. The dried polymer-impregnated 
membrane is then impregnated with the solution con- 
taining the ion-conductive component, for example, by 

15 immersion in the solution, which causes the polymer to 
swell and form an ion-conductive polymer gel. Alterna- 
tively, a solution or dispersion containing both tKe ion- 
conductive component and polymer component or pre- 
cursor can be prepared, and both components intro- 

20 duced into the membrane simultaneously. 

When a polymer precursor is used, it can be polym- 
erized or crosslinked to convert it to a polymer at any 
convenient stage of the manufacturing process. It is 
preferable that the polymeric component be polymer- 

25 jzed or crosslinked so as to form covalent or ionic bonds. 
Creation of a crosslinked structure suppresses the flu- 
idity of the solution containing the ion-conductive com- 
ponent so that a semi-solid gel having high ion-conduc- 
tivity is achieved. Ordinary polymerization or crosslink- 

30 ing procedures known in the art are used, and will de- 
pend on the functional groups present. The reactions 
may be initiated by heat or radiation energy, such as by 
light radiation, UV radiation, and the like. Crosslinking 
agents, reaction initiators, or reaction accelerators can 

35 also be added to effect polymerization or crosslinking. 

It is important that any materials, such as water, al- 
cohols, protic solvents, and the like, which can react with 
other elements present in the lithium cell, or other high 
energy cell, be removed from the composite polymer 

40 electrolyte membrane prior to assembly. Such materials 
can be easily eliminated by heating, vacuum drying, ex- 
traction, or other conventional methods. 

TEST METHODS 

45 

Bubble Point Test - Maximum Pore Size 

The Bubble Point was measured according to the 
procedures of ASTM F316-86. Isopropyl Alcohol was 
50 used as the wetting fluid to fill the pores of the test spec- 
imen. 

The Bubble Point is the pressure of air required to 
displace the isopropyl alcohol from the largest pores of 
the test specimen and create the first continuous stream 
55 of bubbles detectable by their rise through a layer of Iso- 
propyl Alcohol covering the porous media. This meas- 
urement provides an estimation of maximum pore size. 
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* Ion-Conductivity Measurement 

A membrane sample was sandwiched between 
stainless steel electrode discs (1 cm diameter). Resist- 
ance measurements were made using an impedance/ 
gain-phase analyzer (Model 1260 Electrochemical In- 
terface SI 1287, made by Solarton Instruments Co.). A 
CoJe-Cole plot was obtained from the measurement da- 
ta. The dc-resistance was taken as the point of intersec- 
tion of the Cole-Cole plot with the horizontal axis. Ion- 
conductivity was determined from the dc-resistance and 
the shape factor according to the equation 

Ion Conductivity (S/cm) = 1/R x t/s 

where 

R = resistance (ohms) 

t = membrane thickness (cm) 

s = electrode area (cm 2 ) 

Example 1 

A solution containing an ion-conductive component 
was prepared by dissolving 1 mol of LiPF 6 (anhydrous) 
in a mixture having equal volumes of ethylene carbonate 
(anhydrous) and propylene carbonate (anhydrous). To 
100 g of this solution was added 10 g of a copolymer of 
acrylonitrile and methyl acrylate (molar ratio - 80:20; 
weight average MW - 200,000), which was completely 
dissolved at 120°C in an argon atmosphere. A reflux 
condenser was attached to the heated vessel to prevent 
the solvent from escaping. 

With the temperature held at 1 20°C, a porous mem- 
brane of expanded polytetrafiuoroethylene (thickness: 
25 u.m; pore volume: 80% ; maximum pore size; 0.5 u.m; 
made by Japan Gore-Tex, Inc.) was immersed in the so- 
lution and the vessel placed under vacuum to effect im- 
pregnation of the solution into the membrane. The ves- 
sel was opened, and the membrane was removed into 
an argon atmosphere, slowly cooled to 20°C, during 
which time the impregnated material "physically 
crosslinked" and gelled to form the composite polymer 
electrolyte membrane of the invention. 

The tensile breaking strength (measured according 
to JIS Method JIS K 7113) was at least 12 MPa in all 
planar directions of the composite polymer electrolyte 
membrane. The ion conductivity of the polymer electro- 
lyte membrane was measured as described herein- 
above and found to be 1.2 mS/crn. After allowing the 
polymer electrolyte membrane to stand for 1 month, the 
ion conductivity and tensile strength were measured 
again. The ion conductivity was 1 mS/cm or higher, and 
there was no change in the tensile breaking strength. 



8 

Example 2 

In 450 g of methyl ethyl ketone were dissolved 50 
g of anhydrous NBR (acrylonitrile/butadiene weight ratio 
s of 55/45; weight average MW - 250,000) and 0.2 g ben- 
zoyl peroxide. A porous membrane of expanded poly- 
tetrafiuoroethylene (thickness: 25 (am; pore volume: 
80%; maximum pore size: 0.5 u,m; made by Japan Gore- 
Tex, Inc.) was immersed in the solution and the vessel 
10 placed under vacuum to effect impregnation of the so- 
lution into the membrane. The impregnated membrane 
was removed and dried for 6 hours at 50°C in a dry ni- 
trogen atmosphere. The temperature was raised to 
180°C and held for two hours to crosslink the NBR pol- 
15 ymer contained by the membrane. 

Separately, 1 mol of LiPF 6 (anhydrous) was dis- 
solved in 1 kg of propylene carbonate (anhydrous) to 
produce an ion-conductive solution. The NBR-impreg- 
nated membrane was immersed for 12 hours in the ion- 
20 conductive solution to form a composite polymer elec- 
trolyte membrane of the invention. 

The tensile breaking strength (measured according 
to JIS Method JIS K 7113) was at least 12 MPa in all 
planar directions of the composite polymer electrolyte 
25 membrane. The ion conductivity of the polymer electro- 
lyte membrane was measured as described herein- 
above and found to be 1.1 mS/cm. After allowing the 
polymer electrolyte membrane to stand for 1 month, the 
ion conductivity and tensile strength were measured 
30 again. The ion conductivity was 1 mS/cm or higher, and 
there was no change in the tensile breaking strength. 

Example 3 

35 The example was prepared as described in Exam- 
ple 1 except that 1 0 g of a copolymer of acrylonitrile and 
vinyl acetate (molar ratio - 85:15; weight average MW - 
200,000) was used instead of the copolymer of acrylo- 
nitrile and methyl acetate. 

40 The tensile breaking strength (measured according 

to JIS Method JIS K 7113) was at least 12 MPa in all 
planar directions of the composite polymer electrolyte 
membrane. The ion conductivity of the polymer electro- 
lyte membrane was measured as described herein- 

45 above and found to be 1.1 mS/cm. After allowing the 
polymer electrolyte membrane to stand for 1 month, the 
ion conductivity and tensile strength were measured 
again. The ion conductivity was 1 mS/cm or higher, and 
there was no change in the tensile breaking strength. 

so 

Comparative Example 1 

A solution containing the polymeric components of 
Example 1 , a copolymer of acrylonitrile and methyl acr- 
55 ylate, was prepared. Instead of impregnating the solu- 
tion into a porous polytetrafiuoroethylene membrane, 
the solution was cast onto a substrate, cooled to -20°C 
and solidified to form a film. An attempt to measure the 
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tensile strength of the cast film was made, however, it 
did not have enough strength (at least 0.1 MPa) for 
measurement. 

Comparative Example 2 5 

A solution containing the components of the poly- 
mer electrolyte was prepared as described in Example 
1. With the temperature held at 120°C, a porous poly- 
propylene film (thickness: 25 jam; pore volume: < 48%; to 
maximum pore size: < 0.2 ujti; Celgard® 2500, made 
by Hoechst Celanese, Inc.) was immersed in the solu- 
tion and the vessel placed under vacuum to effect im- 
pregnation of the solution into the membrane. Upon re- 
moval of the porous polypropylene film it was deter- is 
mined that the high viscosity of the solution prevented 
impregnation. 

Comparative Example 3 

20 

A solution containing anhydrous NBR was prepared 
as described in Example 2. Instead of impregnating the 
solution into a porous polytetrafluoroethylene film, the 
solution was cast onto a substrate, under vacuum, to 
form a film, after which it was crosslinked as described 25 
in Example 2. The solution containing an ion -conductive 
component described in Example 2 was added to the 
crosslinked NBR polymer film to form a polymer elec- 
trolyte film. An attempt to measure the tensile strength 
of the polymer electrolyte film was made, however, it did 30 
not have enough strength (at least 0.1 MPa) for meas- 
urement. 

Example 4 

35 

A solution containing the polymeric components of 
Example 3, a copolymer of acrylonitrile and vinyl ace- 
tate, was prepared. Instead of impregnating the solution 
into a porous polytetrafluoroethylene membrane, the 
solution was cast onto a substrate, cooled to -20°C and 40 
solidified to form a film. An attempt to measure the ten- 
sile strength of the cast film was made, however, it did 
not have enough strength (at least 0.1 MPa) for meas- 
urement. 



Claims 

1. A composite polymer electrolyte membrane com- 
prising: 50 

a matrix material formed of a porous poly- 
tetrafluoroethylene membrane having oppo- 
site-facing planar surfaces and, between said 
surfaces, having an internal structure defining 55 
a three-dimensional network of interconnected 
passages and pathways; 
at least one said surface having a coating of an 



ion-conductive polymer gel and, throughout 
said passages and pathways, an amount of 
said ion-conductive polymer gel, whereby a 
continuous ion-conductive path from said coat- 
ed surface to at least said opposed surface is 
provided; 

wherein said ion-conductive gel comprises an 
organic polymer component and an ion-con- 
ductive component, and 

wherein said composite membrane has a ten- 
sile break strength in at least two orthogonal di- 
rections of 10 MPa or greater. 

2. The composite polymer electrolyte membrane as 
recited in Claim 1 wherein said matrix material is a 
porous membrane of expanded polytetrafluoroeth- 
ylene. 

3. The composite polymer electrolyte membrane as 
recited in Claim 2 wherein said organic polymer 
component includes at least one polymer derived 
from a monomer having a structural formula select- 
ed from the group consisting of H 2 C=CHCOOR and 
H 2 C=CHOCOR, wherein R is a hydrogen or an alkyl 
group having 1-6 carbons. 

4. The composite polymer electrolyte membrane as 
recited in Claim 2 wherein said organic polymer 
component includes at least one polymer derived 
from a monomer selected from the group consisting 
of alkylene oxides, acrylonitrile, methacrylonitrile, 
vinyltdene fluoride, vinyl chloride, methacrylic acid, 
acrylic acid, vinyl alcohol, vinylidene chloride, eth- 
yleneimide, vinyl acetate, vinyl pyrrolidone, and cel- 
lulose. 

5. The composite polymer electrolyte membrane as 
recited in Claim 3 wherein said organic polymer 
component includes a copolymer of acrylonitrile 
and butadiene. 

6. The composite polymer electrolyte membrane as 
recited in Claim 4 wherein said organic polymer 
component includes a copolymer of acrylonitrile 
and butadiene. 

7. The composite polymer electrolyte membrane as 
recited in Claim 3 wherein the weight amount of said 
ion-conductive component is equal to or greater 
than the weight amount of said organic polymer 
component. 

8. The composite polymer electrolyte membrane as 
recited in Claim 4 wherein the weight amount of said 
ion-conductive component is equal to or greater 
than the weight amount of said organic polymer 
component. 
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9. The composite polymer electrolyte membrane as 
recited in Claim 5 wherein the weight amount of said 
ion-conductive component is equal to or greater 
than the weight amount of said organic polymer 
component. 5 

10. The composite polymer electrolyte membrane as 
recited in Claim 6 wherein the weight amount of said 
ion-conductive component is equal to or greater 
than the weight amount of said organic polymer 10 
component. 

11. The composite polymer electrolyte membrane as 
recited in Claim 7 wherein said membrane has ionic 
conductivity of 1 mS/cm or greater and tensile break is 
strength in all planar directions of 1 0 MPa or greater. 

12. The composite polymer electrolyte membrane as 
recited in Claim 8 wherein said membrane has ionic 
conductivity of 1 mS/cm or greater and tensile break 20 
strength in all planar directions of 1 0 MPa or greater. 

13. The composite polymer electrolyte membrane as 
recited in Claim 9 wherein said membrane has ionic 
conductivity of 1 mS/cm or greater and tensile break 25 
strength in all planar directions of 1 0 MPa or greater 

14. The composite polymer electrolyte membrane as 
recited in Claim 1 0 wherein said membrane has ion- 
ic conductivity of 1 mS/cm or greater and tensile 30 
break strength in all planar directions of 10 MPa or 
greater. 
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(54) A composite polymer electrolyte membrane 

(57) A composite polymer electrolyte membrane 
which includes an ion-conductive polymer gel contained 
and supported by a matrix material formed of a porous 
polytetrafluoroethylene membrane. The porous poly- 
tetrafluoroethylene membrane has an internal structure 
which defines a three-dimensional network of intercon- 



nected passages and pathways throughout the mem- 
brane. The composite polymer electrolyte membrane 
has a tensile break strength of at least 1 0 MPa in at least 
two orthogonal planar directions, ion conductivity of at 
least 1 mS/cm, and is useful as a separator between 
electrodes of a lithium secondary cell. 
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